Abstract. In the context of computer-supported collaborative learning, discussions are essential to increase the knowledge level of the members of a group. This work proposes the modeling of the discussion activities of a study group using an activities coordination model. Starting from the formal modeling of the system, and using coordination mechanisms based on Petri Nets, the behavior of the environment can be simulated and analyzed. These simulations allow anticipating possible problems and help to turn interactions among students more efficient.
Introduction
Studying techniques for computer-supported collaborative learning, some researchers have been working in the construction of systems to monitor collaboration automatically. Barros and Verdejo [1] defined a method to calculate a set of attributes that characterizes the individual and group behavior. Using labeled textual contributions and fuzzy logic the degree of collaboration of the group is calculated. Mühlenbrock and Hoppe [2] intended to consider users' actions in a collaborative work environment as the basis for the qualitative analysis of activities. This approach makes possible to derive descriptions of group activities through a method to recognize them.
Delgado et al. [3] defined a model for monitoring the activities accomplished inside a study group. In that work it was proposed that the actions and the monitored interactions were stored, as contributions, in a discussion graph. Through the analysis of this information by a human tutor, it would be possible to infer the cognitive process used by the student during the discussion. Extending that work, the objective of the present work is to model discussion activities, using the coordination model based on Petri Nets (PN) proposed by Raposo and Fuks [4] . The resulting model is susceptible to simulations and analyses that allow the anticipation of problems. It makes possible the formal verification of the model, and helps to turn more efficient the students' interactions during the discussion process. Furthermore, starting from the formal model of the system, software components can be implemented to give support to the discussion of the group.
This work is organized as follows: Section 2 presents the guidelines of a development methodology of collaborative learning environments that gives special attention to the coordination of tasks that are executed in the environment. This section also describes the model adopted to capture group discussions; Section 3 introduces aspects of the adopted coordination model; Section 4 presents coordination mechanisms based on PN; and the final section presents the conclusions of the work with emphasis in the directions to be followed.
The Development Methodology and The Model of Discussion
Besides defining the requirements and pedagogic objectives of collaborative learning environments, a development methodology of collaborative learning environments should consider the following activities: In this work the considered environment is the message exchange that happens, within a study group, when discussing about a certain subject, with the intention of increase the knowledge level that the members of the group have about that subject.
We will concentrate our attention on activities (1), (2) and (3) of the methodology. Our interest at this moment is the modeling of activities, through the use of a model that considers coordination aspects among the tasks. In this paper, we consider a model of an environment for the exchange of textual messages in a study group [3] . This model assumes that, during group activities, students use collaborative services of the environment to generate some kind of information that others can comment or discuss using the same services. All information or comment directly associated to the discussion is defined as a contribution. The contribution is the basic element used to monitor group activities. The model allows the quantification of accepted contributions and the maintenance of a discussion log, represented by a sequence of contributions.
A discussion is represented as a sequence of contributions. Contributions can be: 1) accepted or rejected; 2) substituted or reconsidered by another contribution; and 3) doubts, questions or answers to a contribution. The registration of contributions is organized in a discussion graph.
The discussion process of the group involves the concept of "knowledge negotiation" that is an important aspect in the construction and the management of the knowledge generated by the study group. This process embraces a series of collaborative interactions among students, for example, to clear the meaning of some terms used in the placement of the contributions, to discuss alternatives, etc [5] .
The dynamics of the discussion model shows the need to coordinate the activities. In the next section is presented the coordination model of activities used in this work.
The Coordination Model -Interdependencies
In our context a collaborative activity is defined as a set of interdependent tasks, executed by several actors in order to reach a common goal. In the example of our work, students that are part of the discussion group execute a series of interdependent tasks (for example, to make contributions, to decide about the acceptance or not of contributions as valid knowledge, etc.) with the objective of increasing the knowledge level on the discussed subject.
The interdependency concept is fundamental in the coordination theory. It is possible to characterize different types of interdependencies and identify the coordination mechanisms that manage them, creating a set of interdependencies and related coordination mechanisms capable to encompassing a wide range of collaborative applications [6] .
The Basic Temporal Interdependencies
Temporal interdependencies establish the relative order of execution among a pair of tasks. The set of temporal interdependencies of the proposed model is based on the temporal relations defined by Allen. He proved that there is a set of primitive and mutually exclusive relations that could be applied over time intervals [7] . A time interval is characterized by two events, which in turn are associated to time instants. The first event is the beginning of the interval A, denoted i a . The other event is the ending of the same interval, denoted f a ,. According to Allen, a set of seven primitive relations may maintain temporal information on any pair of time intervals A and B (A  equals B, A starts B, A finishes B, A meets B, A overlaps B, A during B and A before  B) . Based on these relations a group of axioms is defined to create a temporal logic. The fact of being applied over time intervals (and not over time instants) made the above relations suited for task coordination purposes, because tasks are generally non-instantaneous operations. The adaptation of Allen's primitives to the context of collaborative activities considers that any task T will take some time to be executed.
Allen's temporal logic is defined in a context where it is essential to have properties such as the definition of a minimum set of basic relations, the mutual exclusion between these relations and the possibility to get conclusions starting from them. However, temporal interdependencies among collaborative tasks are inserted in a different context. The important fact here is the management of the interdependencies and the appropriate understanding of the collaborative activity.
A limitation of Allen's relations is that they are merely descriptive, in other words, they don't express causal or functional relations among the intervals [8] . For all these reasons, it was necessary to do some adaptations to Allen's basic relations. The goal of the proposed extensions is to offer a larger set of possibilities to create coordination mechanisms that may control many different situations.
Active and Passive Interdependencies
The merely descriptive characteristic of Allen's temporal relations allows different interpretations for the interdependencies. For instance, consider that two tasks, Ta and Tb, are related by the interdependency Ta equals Tb. In the coordination context, this interdependency can be interpreted in two different ways. In the first case, called active interpretation, this relation express that the beginning of a task should begin the other; and that the end of one of the tasks should conclude the other task. The second possible interpretation for any coordination mechanism is called passive interpretation. In this case, the coordination mechanism expresses a group of conditions that should be obeyed to take the activity to the end.
To deal with active and passive interpretations, two operators were defined: enables and forces. The operator enables represents the passive interpretation, while forces represents the active interpretation. These operations can be applied in the initial and final moments of each interdependent task. Additionally, these extreme points have two states: ready and concluded, indicating, respectively, that the task is ready to begin (or to finish) and that the task already began (or finished).
In order to exemplify the passive and active interpretations of the temporal interdependencies, consider the situation in which two students, A and B, have to vote for the acceptance or rejection of a contribution. We will denominate Tva and Tvb the tasks of voting associated to students A and B, with initial and final points i va , i vb , f va and f vb respectively. Imagine now that in our environment the voting process begins in a synchronous way. In this case, the interdependency associated to the tasks is Tva starts Tvb that can be extended in several interpretations, such as:
i va (ready) enables i vb AND i vb (ready) enables i va -this declaration indicates the passive situation in which the tasks will only begin their execution when both are ready (i.e., Tvb will only be able to begin when Tva is ready to begin, and vice-versa), but none will force the execution of the other.
i va (ready) forces i vb -in this situation, when Tva is ready to begin, Tvb will be forced to begin, indicating an active interdependency of the type "master/slave" (in the same way, Tvb could be considered the master task if i vb (ready) forces i va ).
i va (ready) forces i vb AND i vb (ready) enables i va -Tva is the master task, since it forces the beginning of task Tvb, but Tva will only begin when Tvb is ready.
Coordination Mechanisms based on Petri Nets
Coordination mechanisms based on PN were developed to coordinate the set of interdependencies presented. The formal modeling allows the designer to anticipate and test the behavior of the environment. PN support models at different levels of abstraction and are appropriate for simulation and formal verification.
In this proposal, the project of a collaborative learning environment is divided in three hierarchical levels: workflow, coordination, and execution. In the workflow level, the interdependencies among the tasks attributed to the actors of the environment are established (activity 1 of the development methodology presented in Section 2). The coordination level is built from the workflow level, through the expansion of the interdependent tasks and the insertion of the corresponding coordination mechanisms (activity 2 of the methodology). The model of the environment is simulated and analyzed in this level (activity 3). The execution level deals with the execution of the tasks in the environment (activity 4).
During the passage from the workflow to the coordination level, each task that has interdependency with another is expanded in a sub-net, as presented in Figure 1 . In this model, events i and f (beginning and end of the task) are represented as transitions, while the states ready and concluded are represented as connected places to the respective transitions. After having triggered event i, the flow is divided in two parallel flows, one that indicates that the task is in execution -i(concluded) -and another that represents the interaction with the execution of the task in the system. The task execution is modeled through a transition with token reservation (represented with the letter "R") that is a non-instantaneous transition -the tokens are removed from their input place when the transition is triggered and only some time later is increased to their output places, representing in this way the duration of the task. When considering two related tasks for interdependencies, it is necessary to connect the places and the transitions of both models correctly to create the corresponding coordination mechanisms. To do this, it is necessary to define how to map the previously defined operators and parameters to the PN model. The mapping of the forces and other operators to the PN model are presented in [4] .
Conclusions
In this paper, a proposal for the use of an activities coordination model of a study group was presented with the intention of turning students' interactions more efficient. This model offers a certain degree of flexibility through the separation between tasks and their interdependencies and it is adapted to deal with some interoperability aspects, since the set of interdependencies is generic and the implementation of the coordination mechanisms can be accomplished using any tool. This coordination 
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model is quite appropriate to represent interactions that occur among the members of a discussion group. Starting from the resulting model, software components can be derived to give subsidies to the discussion of the group. The software components will allow standardize the interactions between tasks and coordination mechanisms associated to them in a way that does not depend on the implementation.
Although the presented coordination mechanisms appropriately represent the interdependencies among tasks that compose a collaborative activity, the resulting model is static. This characteristic of the model does not allow that alternative situations could be represented. In this sense, the continuation of the work is centered in the extension of the presented coordination mechanisms in order to turn them more flexible. A possibility would be the definition of new operators that will consider concepts of fuzzy logic to deal with alternative situations.
